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@ Method of producing a semiconductor device comprising a selective vapour growthtechnique.

@ Disclosed is a method of producing a semiconductor
device, comprising the steps of introducing an impurity of
one conductivity type into a semiconductor substrate (21) of
an opposite conductivity type having an insulating film
pattern (22) formed on a susface thereof, using-the insulating

film pattern (22) as a mask te form a diffusion fayer (25a,

26b); and forming a metat filvw (274 to 27¢) on the diffusion
layer {25a, 25b) by selective vapor growth with a mixture of a
metal source gas and an additive gas used as a feed gas, said
vapor growth being carried out such that the distance of
entry of the metal film (27a, 27b) from the edge of the
insulating film pattern (22) to the interface between the
insulating film pattern (22) and the diffusion layer (25a, 25b)
is smalier than the depth of the pn junction of the diffusion
layer (25a, 25b). The particular method makes it possible to
achieve a selective vapor growth of a metal film on the
diffusion layer without deteriorating the pn junction charac-
teristics.
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Method of producing semiconductor device

The present invention_relates to a method of
producing a semiconductor device, particularly, to a
method of selectively forming a metal film on the
surface of a semiconductor layer by a selective vapor
growth technique.

Polycrystalline silicon (polysilicon) is widely
used as the material of the gate electrode and
interconnection electrode of a MOS type integrated
circuit. However, polysilicon, even if doped with an
impurity such as phosphorus, has a resistivity 100 times
or more as high as that of a metal such as AZ, with the
result that a further improvement in the operation speed
of an integrated circuit is obstructed by the use of
polysilicon. Also, the recent miniaturization of the
element is accompanied by a decrease in the junction
depth, leading to a high resistance of the diffusion
layer such as the source or drain region. The high
operation speed of the integrated circuit is also
obstructed by the high resistance of the diffusion
layer mentioned above.

Recently, it is attempted to selectively form a
metal film having a low resistivity on an electrode
formed of polysilicon or on a semiconductor layer doped
with an impurity, e.g. on a diffusion layer, by means of
a vapor growth method. For example, a tungsten (W) film
is selectively formed on a silicon or polysilicon layer
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by a vapor growth method using tungsten hexafluoride as
the feed gas.

However, where a W layer is selectively grown on a
diffusion layer formed in the surface region of a
silicon substrate using, for example, an oxide film as a
mask, a remarkable leak current takes place in the pn
junction between the diffusion layer and the substrate,
leading in some cases to a short cirecuiting. The
deterioration of the junction property is rendered more
serious as the junction depth 1s decreased. Thus, it
is difficult to apply the above-noted method to a
diffusion layer having a junction depth of 0.2 um or
less.

An object of the present invention is to provide a
method of producing a semiconductor device, comprising a
vapor growth deposition step which permits a selective
growth of a metal film even on a semiconductor layer
having a shallow pn junction without deteriorating the
junction characteristics. -

As a result of extensive research on the above-
noted conventional vapor growth deposition method of a
metal film, the inventors have found that, in the vapor
growth of a metal film on a diffusion layer formed in a
semiconductor substrate with an insulating film used as
a mask, the metal film extends from the edge of the
insulating film to reach the interface between the
insulating film and the diffusion layer, leading to a
deterigration of the junction characteristics. The
present invention has been achieved on the basis of this
finding.

Accerding to the present invention, there is
provided a method of producing a semiconductor device,
comprising the steps of:

introducing an impurity of one conductivity type
into a semiconductor substrate of the opposite
conductivity type having an insulating film pattérn
formed on the surface, with the insulating film pattern
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used as a mask, to form a diffusion layer; and

forming a metal film on the diffusion layer by
vapor growth, said vapor growth being carried out such
that the distance of entry of the metal film from the
edge of the insulating film pattern to the interface
between the insulating film pattern and the diffusion
layer is smaller than the depth of the pn junction of
the diffusion layer.

The desired vapor growth can be achieved by
controlling the substrate temperature and the
concentration of the metal source gas. Specifically,
the substrate temperature should be 200 to 400°C, and
the molar ratio of the additive gas to the metal source
gas should be at least 50. Also, the flow rate of the
metal source gas should desirably be 10 cc/min or less.
A metal fluoride gas such as WF6 or MoF6 is used as the
metal source gas. On the other hand, a H2 gas as well
as an inert gas such as Ar or He, or a mixture of H
and an inert gas is used as the additive gas.

5 9as

In the present invention, the insulating film
pattern is used not only as a mask for introducing an
impurity but alsoc as a mask for the selective vapor
growth of a metal. The insulating film pattern may be
formed by patterning a silicon dioxide film formed on
the semiconductor substrate. Alternatively, selective
oxidation may be applied to a silicon substrate using a
silicon nitride film pattern formed on the substrate as
a mask. Further, the grooves formed on the substrate
surface may be filled with an insulating material by a
vapor growth method so as to form the desired insulating
film pattern.

The diffusion layer may be formed by introducing As
into a p-type silicon substrate. Alternatively, B
(boron) may be introduced into an n-type silicon
substrate to form the diffusion layer in the substrate.

The substrate used in the present invention is not
restricted to a silicon substrate. For example,
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a compound semicondutor substrate such as GaAs may also
be used in the present invention,

The method of the present invention makes it
possible to selectively form a metal film on the surface
of a8 diffusion layer without deteriorasting the pn
Junctlion characteristics, leading to the production of a
semicondutor device of a high reliagbility having a
shallow pn junction and a diffusion layer of a low
resistance.

This invention can be more fully understood from
the following detailed description when taken in
conjunction with the accompanying drawings, in which:

Fig. 1 is a cross-sectional view showing a
semiconductor substrate provided with a diffusion layer
having a metal film formed on the surface, said
substrate used in the Experiment described hereins

Fig. 2 1s a graph showing the relationship between
the vapor growth time and the distance of W entrys

Fig. 3 shows the pn junction characteristics
relative to the substrate temperature and the Hz/wF6
molar ratio; and

Figs. 4A to 4D are cross-sectional views
collectively showing a method of producing a MOS type
semiconductor device according to one embodiment of the
present invention.

The folleowing Experiment was conducted in order fo
determine the vapor growth condition employed in the
method of the present invention.

Experiment

As shown in Fig. 1, a desired pattern of 5102 film
12 was formed on the surface of a p-type silicon
substrate 11, followed by diffusing As (arsenic) into
the exposed substrate 11 to form an n+-type diffusion
layer 13 having a pn junction depth of 0.1 to 0.3 um.
Then, a W film 14 having a thickness of 300 to 1,300 A
was selectively grown on the surface of the n+-type

diffusion layer 13 by a vapor growth method using
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a mixture of a WF6 gas and a H2 gas as the feed gas.

A low pressure vapor growth apparatus of a diffusion
furnace type was used for the vapor growth. The
pressure within the reaction chamber for the vapor
growth was set at 0.1 Torr. Also, the total flow rate
of WF, and H, was set at 200 ce/min. Fig. 2 shows the
distance of entry with time of the W film 14 from the
edge of the 5102 film 12 facing the opening made in the
film 12 to the interface between the Si substrate and
the 5102 film, covering the cases where the substrate
temperature was set at 150 to 800°C and the H2/WF6 molar
ratio at 10 to 1,000.

As apparent from Fig. 2, the W entry takes place in
the initial stage of the W film growth and reaches
saturation only several minutes after initiation. 1In
the initial stage of the vapor growth during which the
grown W film is very thin, a large amount of Si is
thought to be consumed by the substitution reaction
between WF6 and Si, with the result that a clearance is
formed in the interface between the Si substrate and the
5102 layer., Naturally, W is thought to enter the
clearance., Several minutes after initiation of the
vapor growth, however, the W film is thought to grow
thick enough to fill the clearance mentioned above. 1In
other words, the W entry in question is thought to reach
saturation. Fig. 2 shows that the distance of the W
entry is promoted as the substrate temperature i§
increased. Also, the W entry is increased in proportion
to the decrease in the H2/WF6 molar ratio, i.e., the
increase in the WF6 concentration.

Where the junction depth of the n+-type diffusion
layer 13 shown in Fig. 1 is 0.2 um, the lateral distance
between the edge of the SiO2 film 12 facing the opening
made in the film 12 and the junction is also 0.2 um.
Thus, the distance of the W entry should be made 0.2 um
or less in order to prevent the short-circuiting of the

Junction. It follows that the substrate temperature



10

15

20

25

30

35

-6 - 0147913

should be set at 400°C or less and that the H2/WF6 molar
ratio should be set at 50 or more in order to prevent
the short-circuiting of the pn junction, as apparent
from Fig. 2.

Fig. 3 shows the pn junction characteristics
relative to the substrate temperature and the HZ/WF6
molar ratio covering the case where the W film 14 is
formed by vapor growth on the n+—type diffusion layer 13
having the minimum junction depth of 0.1 to 0.2 um. It
should be noted that a W film is not grown if the
substrate temperature is lower than 200°C. As apparent
from Fig. 3, the substrate temperature should be 200 to
400°C and the HZ/WFs molar ratio should be at least 50
in order to grow a W film and to obtain the normal
pn junction characteristics. Naturally, the normal pn
junction characteristics can be obtained under the sub-
strate temperature and the HZ/WFG molar ratio specified
above even if the junction depth is more than 0.2 um.

The present invention can be more fully understood
from the Example described in the following with
reference to Figs. 4A to 4D.

Example

As seen from Fig. 4A, a field oxide film 22 was
formed on a p-type Si substrate 21. Then, a gate oxide
film 23 and a gate electrode 24 consisting of poly-Si or
metal silicide were formed on the substrate 21, followed
by introducing As into the substrate 21 by ion
implantation so as to form n+—type diffusion layers 25a
and 25b forming source and drain regions, respectively,
having a junction depth of 0.15 um. After formation of
the diffusion layers 25a and 25b, a 5102 film 26 was
deposited on the entire surface, followed by applying an
anisotropic etching to the 5102 film 26 so as, to
selectively leave the SiDz film 26 on the side walls of
the gate electrode as shown in Fig. 4B. Further, W
films 27a, 27b and 27c were selectively grown on the
surfaces of the n+-type diffusion layers 25a, 25b and
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the gate electrode 24 by a low pressure vapor growth
method using a mixture of WF6 and H, as the feed gas
(Fig. 4C). vapor growth was carried out under a
substrate temperature of 350°C, a HZ/WFs molar ratio of
100, and a reaction chamber inner pressure of 0.2 Torr,
After vapor growth, a SiO2 film 28 was deposited on the
entire surface by a plasma CVD method using a mixture of
N20 and SiH4 as the feed gas. Then, contact holes were
made in the 5102 film 28, followed by forming Af2 layers
29a, 29b as shown in Fig. 4D.

The resultant MOSFET was found to be free of
deterioration in the junction characteristic regardless
of the very shallow pn junction formed therein. Also,
the MOSFET exhibited an excellent operation performance
because W layers were formed on the surfaces of the
shallow diffusion layers and the gate electrode to
reduce the resistance thereof.
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Claims:

1. A method of producing a semiconductor device,
comprising the steps of:

introducing an impurity of one conductivity type
into a semiconductor subsirate of an opposite conduc-
tivity type having an insulating film pattern formed on
a surface thereof, using the insulating film pattern as
a mask to form a diffusion layer; and

forming a metal film on the diffusion layer by
selective vapor growth with a mixture of a metal_source
gas and an additive gas used as a feed gas, said vapor
growth being carried out such that the distance of entry
of the metal film from the edge of the insulating film
pattern to the interface between the insulating film
pattern and the diffusion layer is smaller than the
depth of the pn junction of the diffusion layer.

2. The method according to claim 1, characterized
in that the desired selective vapor growth is achieved
by controlling the substrate temperature and the metal
source gas concentration.

3. The method according to claim 2, characterized
in that the substirate temperature is 200 to 400°C, and
the molar ratio of the additive gas to the metal sgurce
gas is at least 50.

4, The method according to claim 3, characterized
in that the metal source gas is a metal flueride gas,
and the additive gas is selected from the group
consisting of a hydrogen gas and an inert gas.

5. The method according to claim 1, characterized
in that the flow rate of the metal source gas is 10
cc/min or less.

6. The method according to claim 1, characterized
in that the insulating film pattern consists of 5102.

7. The method according to claim 1, characterized
in that the vapor growth is carried out under a reduced
pressure,.
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